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Abstract 
The challenge of distribution network design in developing countries is not only how to optimize 
the pipeline network system but also how to take into account budget allocation in each project 
period. This research develops a multi-step (MS) pipeline upgrade planning model for 
rehabilitation and expansion of the water distribution network that accounting future water demand 
and budget constraint. Life cycle cost (LCC) is to identify potential cost of a project alternative. 
Integer programming (IP) is introduced to select the most effective installation scenario pipe 
considering pipe material and diameter. While a new hybrid genetic algorithms (HGA) model is 
for deciding the sequence of pipeline upgrading based on budget constraint of each project phase. 
This model takes “improvement of the inadequate pressure problem” as a measure of the 
effectiveness of upgrading under budgetary constraints, and sets as an objective function the 
maximization of average water pressure across all nodes. The upgrading plan devised using this 
model was able to reduce costs by approximately 12% in comparison with the case where budget 
constraints were not taken into account. The study shows that this model not only solves hydraulic 
problem but contributes greatly to improving the cost-performance of a pipeline upgrading project. 
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